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MONITORING METEOROLOGICAL DROUGHT IN JORDAN 
SUMMARY 
Drought is the biggest disaster because of its results, the main source of water in 
Jordan is only precipitation, so drought events will be began by decreasing in the 
precipitation with time scale. Drought is based on water deficiencies. However, it is 
more difficult to prevent drought, but it is possible to be decreased its results by 
determining droughts. The people, vegetations and animals will be effected by 
droughts depending on size and period. In this study, drought monitoring in Jordan is 
studied by several drought indices, the Standardized Precipitation Index is consistent 
a good index for Jordan, and the results is used in  Mann-Kendall trend analysis for 
3, 6, 12 and 24 month time scale to find the trend in wet and dry (increasing or 
decreasing in precipitation) conditions in Jordan. The results of Mann-Kendall Trend 
Analysis  are found no significant trend in 3, 6, 12 and 24 month time scale except in 
two stations (Queen Alia Airport and Shoubak stations) for 12 and 24 month time 
scale.  
In order to have better understanding of drought situation in Jordan, a new approach 
is used Precipitation-Month method for Standardized Precipitation Index series for 3, 
6, 12 and 24 month time scale and for several truncation levels.  
This is considered a new approach in drought analysis and its results are given in 
detail for several truncation levels. The wetness and dryness (increasing or 
decreasing in precipitation amount) conditions of each truncation level are 
determined for 3, 6, 12 and 24 month time scale.  
Finally the results indicate that some stations have increasing in precipitation and 
some stations have decreasing in precipitation.    
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ÜRDÜN’DEKİ METEOROLOJİK KURAKLIĞIN İZLENMESİ 
ÖZET 
Kuraklık olumsuz sonuçları nedeniyle çok önemli bir affet olarak literatürde yer 
almaktadır. Ürdün’deki tek ve en önemli su kaynağı olan yağışın azalmasına bağlı 
olarak kuraklık meydana gelmektedir. İnsanları, hayvanları ve bitkileri etkileyen 
kuraklığın engellenmesi mümkün olmamakla birlikte, sonuçları gözönüne alınarak 
etkisinin azaltılması söz konusu olmaktadır. Bu çalışmada Ürdün için kuraklığın 
tespiti hedeflenmiştir. Bu amaçla bir çok kuraklık indisleri üzerinde çalışılmış ve 
Standart Yağış İndisinin çalışma bölgesi olan Ürdün için en uygun indis olduğu 
bulunmuştur. Elde edilen indis sonuçları 3, 6, 12 ve 24 aylık zaman aralığı için 
Mann-Kendall trend analizine tabi tutularak, Ürdün’de gözlenen yağışın azalması ve 
artması incelenmiştir Mann-Kendall trend analizi sonuçlarına bağlı olarak Queen 
Alia Havaalanı ve Shoubak istasyonları dışındaki istasyonlarda dikkate alınan zaman 
aralığında belirli bir trende rastlanmamıştır. 
Ürdün'deki kuraklığın daha iyi anlaşılabilmesi için yeni bir yaklaşım olan Yağış-Ay 
metodu kullanılmıştır. Bu metoda bağlı olarak 3, 6, 12 ve 24 aylık zaman aralığı için 
Standart Yağış İndislerinin kesme seviyeleri ele alınmıştır. 
Bu metot kuraklık analizinde yeni bir yaklaşımdır. Sonuçları da kuraklığı daha iyi 
temsil eder, bunun sebebi dikkate alınan kesme seviyeleri kuraklığın daha dataylı 
olarak göstermektedir ve her bir kesme seviyesi için 3, 6, 12 ve 24 aylık zaman 
aralığında yağışın artması ve azalması incelenmektedir. 
Sonuç olarak, Ürdünde verileri incelenen bazı meteoroloji istasyonlarda yağış 
miktarında artış gözlenirken, bazı istasyonlarda ise azalma olduğu görülmüştür. 
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CHAPTER ONE 
INTRODUCTION 
Drought is a normal feature of climate, although many incorrectly  consider it a 
unusual and random event. It occurs in all climatic zones, but it is characteristics 
vary significantly from one region to another. Drought is a temporary abnormality, it 
differs from aridity, which is restricted to low rainfall regions and is a permanent 
feature of climate.  
Drought is an insidious hazard of nature. Although it has scores of definitions, it 
originates from a deficiency of precipitation over an extended period of time, usually 
a season or more. This deficiency results in a water shortage for some activity, group, 
or environmental sector. Drought should be considered relative to some long-term 
average condition of balance between precipitation and evapotranspiration (i.e., 
evaporation + transpiration) in a particular area, a condition often perceived as 
normal. It is also related to the timing (i.e., principal season of occurrence, delays in 
the start of the rainy season, occurrence of rains in relation to principal crop growth 
stages) and the effectiveness (i.e., rainfall intensity, number of rainfall events) of the 
rains. Other climatic factors such as high temperature, high wind, and low relative 
humidity are often associated with it in many regions of the world and can 
significantly aggravate it is severity (NDMC, 2002). 
Drought should not be viewed as merely a physical phenomenon or natural event. It 
is impacts on society result from the interplay between a natural event (less 
precipitation than expected resulting from natural climatic variability) and the 
demand people place on water supply. Human beings often exacerbate the impact of 
drought. Recent droughts in both developing and developed countries and the 
resulting economic and environmental impacts and personal hardships have 
underscored the vulnerability of all societies to this natural hazard (NDMC, 2002).  
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There are three classifications of droughts: 
Meteorological Drought: 
Meteorological drought is defined usually on the basis of the degree of dryness (in 
comparison to some normal or average amount) and the duration of the dry period. 
Definitions of meteorological drought must be considered as region specific since the 
atmospheric conditions that result in deficiencies of precipitation are highly variable 
from region to region. 
 For example, some definitions Dracup et al. (1980), of meteorological drought 
identify periods of drought on the basis of the number of days with precipitation less 
than some specified threshold. Other definitions Wilhite and Glantz (1985), may 
relate actual precipitation departures to average amounts on monthly, seasonal, or 
annual time scales. 
Agricultural Drought: 
Agricultural drought links various characteristics of meteorological (or hydrological) 
drought to agricultural impacts, focusing on precipitation shortages, differences 
between actual and potential evapotranspiration, soil water deficits, reduced ground 
water or reservoir levels, and so forth. Plant water demand depends on prevailing 
weather conditions, biological characteristics of the specific plant, its stage of 
growth, and the physical and biological properties of the soil.  
A good definition of agricultural drought should be able to account for the variable 
susceptibility of crops during different stages of crop development, from emergence 
to maturity. Deficient topsoil moisture at planting may hinder germination, leading to 
low plant populations per hectare and a reduction of final yield. However, if topsoil 
moisture is sufficient for early growth requirements, deficiencies in subsoil moisture 
at this early stage may not affect final yield if subsoil moisture is replenished as the 
growing season progresses or if rainfall meets plant water needs (NDMC, 2002). 
 
 
 3  
Hydrological Drought: 
Hydrological drought is associated with the effects of periods of precipitation 
(including snowfall) shortfalls on surface or subsurface water supply (i.e., stream 
flow, reservoir and lake levels, ground water). The frequency and severity of 
hydrological drought is often defined on a watershed or river basin scale. Although 
all droughts originate with a deficiency of precipitation, hydrologists are more 
concerned with how this deficiency plays out through the hydrologic system. 
Hydrological droughts are usually out of phase with or lag the occurrence of 
meteorological and agricultural droughts. It takes longer for precipitation 
deficiencies to show up in components of the hydrological system such as soil 
moisture, stream flow, and ground water and reservoir levels. As a result, these 
impacts are out of phase with impacts in other economic sectors. For example, a 
precipitation deficiency may result in a rapid depletion of soil moisture that is almost 
immediately discernible to agriculturalists, but the impact of this deficiency on 
reservoir levels may not affect hydroelectric power production or recreational uses 
for many months. Also, water in hydrologic storage systems (e.g., reservoirs, rivers) 
is often used for multiple and competing purposes (e.g., flood control, irrigation, 
recreation, navigation, hydropower, wildlife habitat), further complicating the 
sequence and quantification of impacts. Competition for water in these storage 
systems escalates during drought and conflicts between water users increase 
significantly (NDMC, 2002). 
Russel et al. (1970), have framework on water supply management especially that is 
related to drought analysis. The study analyzes drought in terms of cost and losses, in 
addition to water demand, it is relation to drought adjustment level were also 
discussed by providing practical examples from of municipal planning in 
Massachusetts. 
 Abdel-Aty (1976), showed the wet and dry spell cycles of precipitation in Jordan 
using probabilistic methodology. The study confirms that the Jordan's rainfall has 
high variability. 
Oguntoyinb (1986), discussed drought prediction methods, such as statistical 
techniques, by finding correlation between rainfall cycles with sun spot cycles. The 
study exhibits examples of such correlation, which shows that the climatic cycles 
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have mutual forcing functions. The study discusses the time lagged 
telecommunications techniques. It depends on the correlation of the occurrence of 
some event in one area with other in another area, where the changes of some 
elements in one area precedes the other one. An example is given by the study is the 
southern oscillation index and its relation with rainfall in many countries., the study 
also explains the contribution of the general circulation methods in drought analysis. 
Wendland (1990), analyzed a case study of the 1988 drought in Illinois State. The 
study deals with several definitions of drought, such as meteorological, hydrological 
and agricultural drought. The study compares the monthly precipitation of 1988 as a 
percent of the average 1951-1980. the response of soil moisture, river flow, lakes, 
reservoir, and groundwater to the deficit of precipitation is calculated, taking into 
consideration the time response for each type. 
McKee et al. (1993), proposed a well-known Standardized Precipitation Index (SPI) 
to monitor drought in the USA. The study explains the characteristics of the index 
and its applicability for testing some hydrological variables such as soil moisture and 
groundwater in any region. They have discussed the duration and frequency of 
drought and its relation to the time scale. 
McKee et al. (1995), compared between the Palmer Drought Index (PDI) and the 
SPI, and assures the applicability of the SPI index. Drought intensity is classified into 
four categories namely, extreme, severe, moderate and mild. The study uses SPI 
index for several time scale, 3, 6, 12 and 24 months, so that it can be used if the 
drought appears in the short scale and if the dry conditions persist, the index will 
develop in longer time scale. 
The wet and dry spells in Libya studied by (Eljadid and Şen, 1997). They have 
showed the duration and frequency of dry and wet spell in north Libya. The drought 
is analyzed for different truncation levels above and below the mean. The 
percentages of wet and dry spells are found for each truncation level. The results of 
this study shows the duration of dry spells in all stations, which are longer than that 
of wet spells. Besides there are high differences between the quantities of wet and 
dry spells which imply that the available water in Libya is not sufficient to meet the 
long-term water needs and requirements.  
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Guttman (1998), compared the PDI and the SPI. Depending on the similarity 
between the indices in time scale, they may be used for different intervals of time 
according to the purpose of the study. On the other hand, PDI encounters some 
difficulties. These arise from the calculation of soil moisture and potential 
transpiration. Generally, he has assured that the PDI is not representing similar 
characteristics of all locations and therefore, it should not be used to compare 
conditions of different locations. In contrast, the standardized precipitation index is 
considered to be the same for all locations and easy for interpretation. 
Tarawneh (1999a), analyzed the drought in the mountainous region in Jordan. For 30 
years rainfall records. The frequency, duration and intensity of rainfall are analyzed. 
The result of this study shows that the Jordan enjoys moderate drought according to 
the drought categories classified by (Ikeda et al., 1980; Kemp, 1991). On the other 
hand, according to the study of linear  trend analysis in Jordan, the trend of analysis 
of 30 years shows decreasing rainfall in the central areas of Jordan. 
Tarawneh (1999b), used the SPI for analyzing of drought in the desertic region of 
Jordan. The author used 30 years rainfall records. The intensity, duration and 
frequency are analyzed. The result of this study shows different behavior of drought 
in north desertic region from that in the southern desertic region. 
Monitoring drought in Italy studied by (Bordi and Sutera, 2000). They have 
discussed  the spatial and temporal variability of drought in Italy. The length of data 
is 50 years started from 1950 to 2000. The study used 3, 6, 12 and 24-month time 
scale computations refer to August 2000. Different  drought indices are used to 
analyze the spatial variability of drought in Italy, these indices are, the percent of 
normal, decile, palmer drought and standardized precipitation indices. The temporal 
variability of drought is analyzed by standardized precipitation index for 24-month 
time scale. The results of spatial variability of drought using the former indices 
shows the drought patterns in Italy for the former time scales. The  temporal 
variability of drought shows that the last thirty years in all regions are  drought years 
due to the decreasing of precipitations. 
Iglesias (2001), discussed drought predictability in terms of climate change in the 
Mediterranean region. He has assured that the Mediterranean climate is relatively 
poorly known and understood, so that scientists and policy makers need information 
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i.e. data and models. A correlation between the hydrological variables such as flow 
of Nile River and El-Nino event. Which is a recurring phenomena of the warming 
surface of the tropical Pacific Ocean, suppressed upwelling of water along South 
America due to alteration of high and low pressure in the east and west of pacific. 
The article confirms high rainfall amount during El-Nino years. 
Rainfall and drought patterns in Jordan are studied by (Tarawneh, 2002). The thesis 
is discussed drought frequency, duration and intensity for 50 years started from 1950 
to 2000 using standardized precipitation index. The study shows accumulated dry-
wet spells, drought tendency, longest dry-wet spells and average dry-wet spells 
duration. In addition, the study discussed the drought frequency duration for 1, 2, 3, 
4, 5 and 6 years time scale. The result of this study shows the drought in Jordan is 
classified moderate drought.  
In this study the rainfall data periods (Table 2.1) are used to determine the spatial 
variability of drought using the following indices, the standardized precipitation, 
decile and percent of normal indices for 3, 6, 12 and 24-month time scale refer to 
February 1994. The standardized precipitation index will be used to determine the 
temporal variability of drought for 3, 6, 12 and 24-month time scale refers to 
February 1994. Mann Kendall trend  method will be used to discuss the available 
trend (increasing or decreasing).  The result of drought analysis in this study will be 
depicted by contour charts and time series. 
The study contains four chapters, in chapter one, the study discussed the definition of 
drought and several concepts related to the drought, beside that some historical 
review of drought are presented in this chapter. In chapter two, the data is analyzed 
statically in addition to that the studying area and the stations are constructed in a 
maps and table. The chapter also describes the drought methodology by identifying 
some drought indices. In order to make drought monitoring a nonparametric Mann-
Kendall trend analysis method used. In chapter three, in this chapter the one-year 
precipitation data is used to test the drought indices to choose the suitable drought 
index for Jordan. The conclusion of the study and some recommendation is given in 
chapter four. 
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CHAPTER TWO 
DATA AND METHODOLOGY 
The analysis of rainfall variability in Jordan is of great importance, especially since 
the country is located just on the border of aridity. The variation of rainfall from year 
to year is so pronounced that in a certain year periods of abundant rainfall and of 
high intensities that might cause floods may be followed by periods of severe 
drought. 
2.1 Data and study area 
2.1.1 Data 
As shown in Figure 2.1, the stations are scattered over different Climatological 
regions of Jordan. In this study, monthly total of precipitation data are used for the 
analyzing drought over Jordan. Sixteen representative meteorological stations are 
chosen to identify rainfall regime over Jordan. The selections of the stations were 
based on the length of record and the quality of data. The main source of rainfall data 
is Jordan Meteorological Department (JMD). The names of the stations and the 
length of records are given in Table 2.1. 
The data sample extends from the started records to December 2000 and all the data 
is longer than thirty years. The Swed-Eisenhart (1943), run test is a nonparametric 
procedure used in determining the homogeneity of data set. Many studies have 
employed this technique, for example, the study of trends in Turkish precipitation 
data by (Kadıoğlu, 1997). It is also applied here to test the homogeneity of annual 
precipitation totals. The number of runs of data points occurring higher and less than 
the median are compared against confidence limits. If the number of runs falls 
between the limits, the data set is considered homogeneous. The result of this test 
indicated no noticeable heterogeneity in the precipitation data. 
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2.1.2 Topography 
Jordan is located 80 km east of the eastern coast of the Mediterranean Sea. It is 
location between 29.11 N° and 33.22° N and 34.59° E and 39.18° E with an area of 
89329 km
2
, more than 80% is classified as arid areas (JMD, 1988). Jordan could be 
divided into three main types according to the topography of the country, which has a 
very well marked longitudinal zone in spite of its small area Figure 2.2. 
2.1.2.1 Hilly Regions 
The hilly regions lie along the eastern sides of the Jordan Valley with an average 
width of about 30 km and length of some 330 km. The altitude of the hilly regions 
ranges between 600 – 1400 m reaching 1700 m in the south hills. The hilly regions 
are characterized by their pleasant climate, they have cool dry summer and cold wet 
winter with temperature which sometimes reaches few degrees below zero. It 
receives the highest rainfall in Jordan, and precipitation pattern is both latitude and 
altitude dependent. Rainfall decreases from north to south, and west to east. The 
annual rainfall ranges from 300-600 mm, the peak of rainfall takes place during 
December to March period, and the majority of the population of Jordan lives in 
these regions (JMD, 1988). 
2.1.2.2 The Jordan Valley and Aqaba  
It is a part of the great valley that extends from southern of Turkey through Lebanon 
and Syria to the Dead Sea in Jordan Valley, where it continues towards south to the 
red sea. the Jordan Valley (areas below mean sea level), in which the Jordan River 
and the Dead Sea lies, has an altitude ranging between 200 m  below mean sea level 
in the north and 400 m  below mean sea level at the Dead Sea which is the lowest 
place on the earth's surface. The width of Jordan Valley is 15 km in the north and 
about 30 km from the south. The weather in this region is very hot in summer and 
warm in winter. The annual rainfall ranges from 70-400 mm, the peak of rainfall 
takes place during December to March. Aqaba is located south of Jordan, 
characterized by very hot summer and warm winter the amount of annual rainfall 
about 30 mm. Aqaba is located south of Jordan, characterized by very hot summer 
and warm winter the amount of annual rainfall about 30 mm (JMD, 1988). 
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Table 2.1 Stations of the studying area. 
Station Name Latitude 
(N°) 
Longitude 
(E°) 
Period of 
rainfall data 
WMO 
No. 
Station 
No. 
Elevation 
(m) 
Amman 31.98 35.98 1923-2000 40270 1 780 
Aqaba 29.55 35.00 1946-2000 40340 2 51 
Baqura 32.63 35.62 1968-2000 40253 3 -171 
Deir Alla 32.22 35.62 1953-2000 40285 4 -224 
Irbid 32.55 35.85 1938-2000 40255 5 616 
Maan 30.17 35.78 1938-2000 40310 6 1069 
Mafraq 32.37 36.25 1942-2000 40265 7 686 
Queen Alia 31.72 35.98 1952-2000 40272 8 722 
Rabba 31.27 35.75 1952-2000 40292 9 920 
Ras Muneef 32.37 35.75 1961-2000 40257 10 1150 
Safawi 32.20 37.13 1943-2000 40260 11 672 
Shoubak 30.52 35.53 1938-2000 40300 12 1365 
Wadi Dhulail 32.15 36.28 1968-2000 40267 13 580 
J. University 32.20 35.88 1938-2000 40274 14 980 
Rwaished 32.50 38.20 1943-2000 40250 15 683 
Jafer 30.28 36.15 1948-2000 40305 16 865 
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Figure 2.1 Distribution stations over the studying area 
 
Figure 2.2 Jordan topography (The Royal Jordanian Geographic Centre, 2003) 
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2.1.2.3 The Desert 
This region occupies about 80% of the total area in Jordan. The desert lies in the 
eastern parts of the country and forms a part of the Syrian Desert with elevation 
varies from 600-1200 m, and it is characterized by it is clear sky during most of year. 
It has hot dry summer and relatively cold dry winter. The annual rainfall ranges from 
40-100 mm and the peak of rainfall takes place during December to March. 
2.2 Statistical Summary  
All normal distribution curves are bell shaped and bilaterally symmetrical. The tails 
of the curve approach the x-axis, but never touch it. Although the graph will go on 
indefinitely, the area under the graph is considered to have a unit of 1. For the normal 
distribution the mean, median, and mode are the same value, while skewness is 0 and 
kurtosis is 3 (Kadıoğlu and Erdun, 1995). 
When looking at any graph, you can estimate the mode and median by simply 
looking at a graph: the mode is the value with the highest frequency, and the median 
is the middle point. It is harder to estimate the mean, however, as that depends on the 
range of values. But, since they are equal in a normal  distribution graph, the mode, 
median, and mean are the values with highest frequency, if these three values did not 
equal each other. If mean less then median less then mode, the graph is negatively 
skewed, there are small outlier values. If mean larger then median larger then mode, 
the graph is positively skewed, there are large outlier values. 
2.2.1 The Mean 
In general the hilly regions have maximum mean values of precipitation, clearly 
appears in northern hilly regions (Ras Muneef) station, as shown in Figure 2.3 a 
while the mean values of precipitation in southern hilly regions less than northern 
hilly regions. Jordan receives majority of rainfall from winter depressions. Which are 
usually centered over Cyprus such as Cyprus Low, so that the northern areas are 
considered as the principal track of this depressions. In addition to that it exposed 
directly to sea track from Mediterranean Sea. Which enhances and intensifies the 
rainfall averages over this area. The southern hilly regions are affected by land track 
causing weakness in winter storms. The minimum mean values of rainfall clearly 
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appears in the desert regions in the east and south east, where the westerly prevailing 
wind in winter seasons descends dry and hot in this region. 
2.2.2 The Standard Deviation 
The standard deviation as shown in Figure 2.3 b maximum standard deviation values 
of precipitation appears in the hilly regions especially in the north and middle hilly 
regions which emphasize that the rainfall amount is high, where it is lower in the 
eastern and southeastern regions. One should note that the higher value of standard 
deviation in the north and middle hilly regions does not mean that the northern areas 
have higher variability than the desert regions. 
2.2.3 The Skewness 
The minimum skewness values of precipitation appears in the hilly regions especially 
in the middle hilly regions of Jordan as shown in Figure 2.3 c. The maximum 
skewness values of precipitations appears at the desert especially in the east of 
Jordan. In general Jordan has positive values of skewness indicate that the mean 
value is greater than the median, and the precipitation below mean has higher 
frequency.  
2.2.4 The Kurtosis 
As shown in Figure 2.3d the maximum positive kurtosis values of precipitation 
appears in the desert especially in the east of Jordan, the minimum kurtosis values of 
precipitations appears at the hilly regions. In general the frequencies of precipitations 
in the east deserts of Jordan are around the mean. 
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Figure 2.3 a, b, c, d. Statistical Summary for Jordan, a) Mean (upper left) and b) 
Standard Deviation (upper right), c) Skewness (lower left) and d) Kurtosis (lower 
right). 
 
 
a) Mean b) Standard Deviation 
c) Skewness d) Kurtosis 
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2.3 Drought Indices 
Several different indices exits that measure how much the amount of precipitation for 
a time of period had deviated from the historical Climatological normal. A drought 
index value is typically a single number, far more useful than the raw data for 
decision making. 
 There are several indices that measure how much precipitation for a given period of 
time has deviated from historically established norms. Although none of the major 
indices is superior to the rest in all. Most water supply planners find it useful to 
consult one or more indices before making a decision. What follows is an 
introduction to each of the major drought indices use in the United States and 
Australia, and we have chosen three indexes to studying drought over Jordan, these 
indices just depend on the precipitation data.  
2.3.1 Standardized Precipitation Index (SPI) 
The SPI is an index based on the probability of precipitation for any time scale 
McKee et al. (1993), created the index in 3, 6, 12, 24, and 48 month time scales. The 
SPI is probability based and was designed to be a spatially invariant indicator of 
drought that recognizes the important of time scale in the analysis of water 
availability and water use. It is essentially a standardizing transform of the 
probability of the observed precipitation. The nature of the SPI allows an analyst to 
determine the rarity of a drought or an anomalously wet event at a particular time 
scale for any location in the world that has a precipitation record. 
Advantages: 
i- It can be computed for a precipitation total observed over any duration 
desired by a user. Short term durations on the order of months (or even 
weeks) may be important to agricultural interests while very long term 
durations spanning years may be important to water supply management 
interests. 
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ii- The index was designed to look at the precipitation deficit at these 
multiple time scale. These scales show what impact the drought has on 
the availability of certain water source. 
iii- Calculating the SPI values is based on long term precipitation records for 
a specific time period, and can be done for any location desired. 
iv- It is simplest to put the record into probability and normal distributions so 
that the mean SPI value for that location is zero and a variance is one. 
Positive values are an indication of greater than median precipitation 
amount where a negative value indicates a less than median precipitation 
amount. 
v- It is a much less complex index than another complex index such as PDI. 
Disadvantages: 
i- Is that may have been found based on preliminary data may change, 
causing the accuracy of the value to be affected. 
Each drought event, therefore, has a duration defined by its beginning and end, and 
intensity for each month that the event continues. If you want to find the total 
magnitude of the drought event, all you need to do is take the absolute value of the 
sum of all SPI values for the months in which the drought event occurred (McKee et 
al., 1995).  
The SPI for a given averaging period of time is physically the difference of 
precipitation from the mean divided by the standard deviation. In reality the 
calculation is complicated by an adjustment to a normal distribution since 
precipitation is not normally distributed for time scales of 12 months or less. The 
resulting SPI can be used to determine several variables of interest which include 
probability of present conditions, percent of average precipitation and accumulation 
of a precipitation deficit. The SPI is linear in precipitation deficit. 
 The SPI is standardized, both drought and wet spell conditions can be represented 
for all climate types. A drought event is defined for each time scale as a period in 
which the SPI is continuously negative and SPI reaches intensity where the SPI is -1 
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or less. Table 2.2 shows drought intensity in the following categories. A drought 
begins when the SPI first falls below zero and ends when the SPI becomes positive.  
The SPI can be calculated for time scales that are important to the water analyst 
(Guttman,1998). Moving total time series are constructed from the observed 
precipitation data and then used for the SPI computation. For example, if the 
observed data consist of a time series interested in three month events, then a new 
time series is constructed by summing the first three monthly amounts, then 
summing the amounts in months 2, 3, and 4, then summing the amounts in months 3, 
4, and 5, etc. the 3 month SPI is then calculated from this new time series.  
The first step in the calculation of the SPI is to determine a probability density 
function that describes the long term series of observations. Once this distribution is 
determined, the cumulative probability and observed precipitation amount is 
computed. The inverse normal function is then applied to the probability. The result 
is the SPI. SPI values are positive for greater than median precipitation; SPI values 
are negative for less than the median precipitation. The departure from zero is a 
probability indication of the severity of the wetness or aridity that can be used for 
risk assessment (Edwards and McKee, 1997).  
The time series of the SPI can be used for drought monitoring by setting application 
specific thresholds of the SPI for defining drought beginning and ending times. 
Accumulated values of the SPI can be used to analyze drought severity (Guttman, 
1998).  
For this study, 3 and 6 month SPI is used for a short term or seasonal drought index, 
12 month SPI is used for an intermediate term drought index and  48 month SPI is 
used for a long term drought index (McKee et al., 1995). Therefore, the SPI for a 
month/year in the period of record is dependent upon the time scale. For example, 
the 3 month SPI calculated for February, 1994 would have utilized the precipitation 
total of December, 1993 through February, 1994 in order to calculate the index. 
Likewise, the 6 month SPI for February, 1994 would have utilized the precipitation 
total for September, 1993 through February, 1994, the 12 month SPI calculated for 
February, 1994 would have utilized the precipitation total of March, 1993 through 
February, 1994 and the 24 month SPI for February, 1994 would have utilized the 
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precipitation total for March, 1992 through February, 1992. The SPI index can be 
written as follows: 
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Where Xi = X1, X2, …,  Xn,      and x  is the average, and   is standard deviation. 
 
Table 2.2 Standardized Precipitation Index Classifications SPI, (McKee et al., 1993). 
Class SPI value 
Extremely wet 2.0 or more 
Very wet 1.5 to 1.99 
Moderately wet 1.0 to 1.49 
Near normal 0.99 to -0.99 
Moderately dry -1.0 to -1.49 
Severely dry -1.5 to -1.99 
Extremely dry -2.0 or less 
 
2.3.2 Decile Index (DI) 
This method groups monthly precipitation events into deciles. By definition (much 
lower than normal) weather can not occur more than 20% of the time, this method 
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gives an accurate statistical measurement of precipitation. Arranging monthly 
precipitation data into deciles is another drought monitoring techniques.  
Gibbs and Maher (1967), to avoid some of weaknesses within the "percent of 
normal" approach, the technique divided the events over a long term record into 
tenths of distribution. The first decile is the amount of rainfall not exceeded by the 
lowest 10% of the events. The second decile is the precipitation amount not exceeded 
by the 20% of the events. They continue until the tenth decile is the largest amount of 
precipitation in the record. The fifth is the median, not exceeded by 50% of the 
events.  
Advantages: 
i- Very simple to use. 
ii- The decile method is that a precipitation data is needed to calculate the 
decile. 
Disadvantages: 
i- The decile method is that a long climatological record is needed to 
calculate the decile accurately.  
The deciles are grouped into five classifications Table 2.3. The DI can be written as 
follows: 
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Where Xi = X1, X2, …, Xn  and x max  is the maximum precipitation, x min is the 
minimum precipitation, and ds  is the interval. 
Classification method: 
i- If decile less than or equal 1, that is mean the first decile. 
ii- If decile greater than 1 and less than or equal 2, that is mean the second 
decile. 
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iii- If decile greater than 2 and less than or equal 3, that is mean the third 
decile. 
iv- If decile greater than 3 and less than or equal 4, that is mean the fourth 
decile. 
v- If decile greater than 4, that is mean the fifth decile.  
The DI can be calculated from Figure 2.4, for example the total precipitation amount 
for 3 month time scale in QAIA is 97.9 mm, and the corresponding total precipitation 
values are on the 3 decile. 
 
Table 2.3 Decile Index Classification DI, (Gibbs and Maher, 1967). 
Decile Percentage Class 
Deciles 1-2 lowest 20% Much below normal 
Deciles 3-4  next lowest 20% Below normal 
Deciles 5-6  middle 20% Near normal 
Deciles 7-8 next highest 20% Above normal 
Deciles 9-10  highest 20% Much above normal 
 
2.3.3 Percent of Normal Precipitation (PNP) 
PNP is one of the simplest measurements of rainfall for a location, single region or 
season. PNP comparison implies that the mean and median are the same. PNP is 
easily misunderstood and may give different indications depend on location and 
season. (Kadıoğlu and Topçu, 1997). It is calculated by dividing the actual 
precipitation (usually a 30 year mean) and then multiplying by 100 to get a 
percentage. This can be calculated for a variety of time scales. Usually these time 
scales range from a single month to a group of months representing a particular 
season, to an annual or water year. Normal precipitation for a specific location is 
considered 100%. Drought intensity is arbitrarily defined in the following categories 
(NCDC, 2002) as indicated in Table 2.4.  
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Advantages: 
i- Simple for use. 
ii- It depends only to precipitation data.  
Disadvantages: 
i- The important disadvantage of this index is that the mean precipitation is 
sometimes different than the median precipitation (meaning that it is a 
value exceeded by half of the precipitation events). Using this index is 
implying that the mean and the median values are the same, but monthly 
seasonal scales of precipitation do not have normal distributions (Willeke 
et al., 1994). The PNP can be written as follows: 
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Where Xi = X1, X2, …, Xn,  and x  is the normal mean (last 30 year from 1971 to 
2000).  
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Table 2.4 Percent of Normal Precipitation Index Classification PNP, (NCDC, 2002) 
Percentage Class 
Below 30% Extremely dry 
30% – 50% Severely dry 
50%– 70% Moderately dry 
70% – 140% Mid range 
140% – 200% Moderately moist 
200% – 330% Very moist 
Above 330% Extremely moist 
 
2.4 The Mann-Kendall Trend Analysis 
The Mann-Kendall trend test is a nonparametric test for monotonic trend. It widely 
used for trend testing, particularly when many time series need to be evaluated at the 
same time. It has the following important advantages among others (Kadıoğlu and 
Şaylan, 2000): 
(i) It is free from normal distribution assumptions. 
(ii) It is resistant to effects of outliers and gross data errors. 
(iii) It allows missing data (as only ranks are used). 
(iv) It also gives the point in time of the beginning of a developed trend. 
These characteristics are big advantage when analyzing for trends in many time 
series such as Climatological data at multiple stations because it is necessary to 
screen and transform the data for normality. Seasonality and serial correlation, 
however, interfere with Mann-Kendall trend test either by reducing the power to 
detect trends or giving erroneous probabilities. For a given data set, serial correlation 
decreases with increasing temporal distance between samples (Gilbert, 1987). The 
Mann-Kendall test is, therefore, directly applicable to Climatological data for a given 
month or season. 
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The intervals between sampling months and seasons are so large that serial 
correlation is not a problem. The time series of the calculated drought are analyzed in 
order to identify meaningful long term trends by making use of the Mann-Kendall 
non-parametric test (Sneyers, 1990). 
This test does not take differences in magnitude of the concentrations into account, it 
only counts the number of consecutive values where the concentration increases or 
decreases  compared  with   the value before. The null  hypothesis, h 0 ,  is  that  data  
( Xi, …, Xn) are independently identically distributed random variables. A possible 
alternative to this randomness is some from trend. The effective application of which 
includes the following steps in sequence: 
(i) The values x i  of the original series are replaced by their ranks y i , 
arranged in ascending order. 
(ii) The magnitudes of y
i
, (i =2, …, m) are compared with y
j
, (j =1, ..., i-1) 
at each comparison, the number of case yy
ji
 is counted and denoted 
by ni. Here, m is size of sample. 
(iii) The sum of the ranksn i , is calculated as the test statistics variablet i , 
defined as follows: 
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(iv) The distribution of the test statistic t i , under the null hypothesis, has 
expectation and variance as: 
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(v) For each of the 1m test statistics, the sequential values of the statistic 
)(t iu are then computed as: 
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Herein, )(t iu is a standardized variable that has zero mean and unit standard 
deviation. The values  1.96 ( 0.2 ) of  )(t iu are statistically significant at the 5% 
level. 
2.5 Precipitation-Month Method 
The method is similar for calculating  degree-day at any given truncation level from 
the monthly average ambient-air temperature is briefly presented in Kadıoğlu (1998), 
Kadıoğlu and Şen (1998, 1999), Şen and Kadıoğlu (1998 a, b), (Kadıoğlu et al., 
1999) and (Erbs et al., 1983). The definition of  precipitation-month requires 
truncation of  a SPI series. A schematic of  SPI changes is shown in Figure 2.5. The 
SPI series may be treated statistically and probabilistically in order to find the 
probability distribution function of the precipitation at any station, in addition to low-
order statistical parameters such as the mean, standard deviation, skewness 
coefficient, etc. The following definitions relate to Figure 2.5. The method for 
calculating  precipitation-month at any given truncation level from the SPI, if the 
outside SPI value x0 at time i is greater than the inside SPI value xi, the precipitation 
increasing (wet condition) is similarly, if the outside SPI value x0 at time i is smaller 
than the inside SPI value xi, the precipitation decreasing (dry condition). 
                                            Pw = (x0-xi)
+
                                                      2.5 
                                              Pd = (x0-xi)
-
                                                       2.6  
Where Pw indicate the increasing of precipitation (wetness)  and Pd is decreasing of 
precipitation (dryness). An uninterrupted sequence of dryness (wetness) amounts 
preceded and succeeded by at least one wetness (dryness) amount is called dryness 
(wetness) duration. For a 3, 6, 12 and 24 month time scale, the summation of the 
monthly positive SPI values amounts is referred to as the seasonally or yearly 
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wetness precipitation-month (WPM), the summation of the monthly negative SPI 
values amounts is referred to as the seasonally or yearly dryness precipitation-month 
(DPM) value in the literature and if the number of months in the year is ym, then in 
general the wetness precipitation-month is defined as 
                                         WPM=

y
m
i 1
Pw,i                                               2.7                                                         
DPM=

y
m
i 1
Pd,i                                                2.8   
In Equation 2.7 and 2.8  i, indicate the initial time of the wetness or dryness period. 
Results of this method are used in Mann-Kendall trend test to determine the trend in 
significant truncation levels for several time scales.  
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Figure 2.5 The SPI time series and truncation levels. 
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CHAPTER THREE 
ANALYSIS AND DISCUSSION 
In this study, several drought indices will be applied for studying drought monitoring 
in Jordan. For this purpose, the validity and verification of using the indices will be 
tested. To achieve this goal, the year 1994 is taken to test the indices, due to the 
reason that the stations of Jordan in this year were subjected to unusual weather 
condition. 
Simply using drought indices to monitoring drought for a given time scale better then 
using precipitation data, because these indices have been classified depending on the 
index value and class. But using precipitation data for monitoring drought for a given 
time scale depends on the deviation from the mean value, the negative and positive 
deviation values indicate the magnitude of dryness and wetness, which does not 
represent the actual situation. For example the deviation of 43.7 mm in Jafer stations 
for 3 month time scale represents 3.05, while the same deviation in Ras Muneef 
station  for 3 month time scale represents 0.12 (computation refer to Feb. 1994). For 
this reason the deviation from the mean method is not represent the actual situations. 
The rainfall intensity in Jordan depends on the location and elevation of the station 
and its gradually decreasing from west to east and from north to south. As shown in 
Figure 3.1 a, b, c and d for 3, 6, 12 and 24 month the hilly regions receive maximum 
amount of rainfall especially northern hilly regions, other wise arid desert regions 
receive small amount of rainfall especially southeast desert regions. 
 Figures 3.2 a, b, c, d show the deviation of precipitation from the mean for all 
stations in Jordan for 3, 6, 12 and 24 time scale. According to Figures 3.2 a and b for 
3 and 6 month time scale, figures indicate the deviation from mean in the northern 
hilly regions have negative values and the southern desertic regions have positive 
values, in spite of the fact that these regions usually receive smaller amount of 
precipitation than the northern regions. For 12 and 24 month time scale Figures 3.2 c 
and d respectively, the deviation from mean in northern and southern hilly regions 
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have negative values and the southern desert regions have positive values in this 
year. 
In general, it is clear that in 1994 the northern regions which are usually wet have 
negative deviation from mean and the southern regions which are usually dry have 
positive deviation from mean, so that is representing an ideal year to test the indices. 
3.1 Spatial Variability of Drought 
In order to stand on the situation of drought in Jordan the mentioned drought indices 
will be tested in order to choose the most satisfactory index or indices to be applied 
for drought monitoring in Jordan. 
DI 
The Decile Index, which is discussed in chapter two, is applied for testing February 
1994 for 3, 6, 12 and 24 month time scale. In comparison among the deviation from 
the mean charts Figure 3.2 a, b, c and d and decile index charts Figure 3.3 a, b, c and 
d, it is found that the decile index does not represent the actual situation of drought in 
3, 6, 12 and 24 month time scale. 
PNP 
The Percent of Normal Precipitation Index, which is discussed in previous chapter, is 
applied for testing February 1994 for 3, 6, 12 and 24 month time scale. The percent 
of normal index may be considered as a fair index. It represents the wetness and 
dryness of the country. This can be shown by comparing Figure 3.2 a, b, c and d the 
deviation from the mean and percent of normal precipitation charts Figure 3.4 a, b, c 
and d for all time scales. 
SPI 
The Standardized Precipitation Index, which is discussed in chapter two, is applied 
for testing February 1994 for 3, 6, 12 and 24 month time scale. The standardized 
precipitation index is found to be the best representative index for Jordan. It 
describes the dry and wet regions for different time scale. The comparison of 
deviation from the mean charts Figure 3.2 a, b, c and d with standardized 
precipitation index charts Figure 3.5 a, b, c and d respectively, it coincides with 
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actual situation of dry and wet conditions in Jordan. For this reason, the SPI is 
chosen for drought monitoring in Jordan. 
The SPI is calculated for all stations for different time scales namely 3, 6, 12 and 24 
month time scale; all the rainfall records as given in Table 2.1 are used in the SPI 
calculations. The results of these calculations are used in Mann-Kendall trend 
analysis to determine the spatial and temporal variability of dry and wet regions.  
3.2 Temporal Variability of Drought 
In order to determine the temporal variability of drought in Jordan the SPI is tested 
by Mann-Kendall trend analysis, it is found a good index to apply in temporal 
variability of drought for several time scales. 
Mann-Kendall Trend Analysis 
The calculated 3, 6, 12 and 24 month time scale trends of SPI by the Mann-Kendall 
test are mapped to identify the spatial distribution in Figure 3.6 a, b, c and d 
respectively. Kriging technique is used to create a regularly spaced grid based on the 
irregularly spaced stations in the study area (Figure 2.1). +2.0 and -2.0 contours of 
the trends in Figure 3.6 a, b, c and d are significant α = 0.05 level. According to 
Figures 3.6 a and b for 3 and 6 month time scale show no statistically significant 
trend of SPI is observed in Jordan, the sequential version of the Mann-Kendall trend 
test (Figures 3.7 and 3.8 bottom) for 3 and 6 month time scale show no significant 
trend is available, on other hand the available linear trend in precipitation amount 
(Figures 3.7 and 3.8 upper) and SPI (Figures 3.7 and 3.8 middle) are not statistically 
significant at 5% level. According to Figure 3.6 c for 12 month time scale, there is 
statistically significant trend increasing in the dry conditions of SPI in Queen Alia 
International Airport station. For 24 month time scale Figure 3.6 d there is 
statistically significant trend increasing in the dry conditions of SPI in Queen Alia 
International Airport station and Shoubak station. 
Figures 3.9 and 3.10 (upper) show precipitation time series for the Queen Alia 
Airport from 1954 to 2000, and the Figures 3.9 and 3.10 (middle) show SPI values 
time series for the Queen Alia Airport from 1954 to 2000, along with a least squares 
(dashed) line showing the decreasing linear trends over the whole period of record. 
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The time series might have a non-linear trend, which can also be detected by the 
Mann-Kendall test. According to this test, the trend in SPI is significant at the 95% 
statistical confidence level and the trend started from the early 1970s Figures 3.9 and 
3.10 (bottom). 
As shown from the previous Mann-Kendall trend analysis, the SPI has no significant 
trend except in two stations. For further analysis, a Mann-Kendall trend analysis is 
calculated for each SPI truncation level. The criteria of SPI values Table 2.2 are 
taken as truncation levels to distinguish the variability of drought in these truncation 
levels. 
Truncation level below +1.5: 
Figures 3.11a, b, c, d for 3, 6, 12 and 24 month time scale show no significant trend 
in dry condition in all stations. 
Truncation level above +1.5: 
According to Figure 3.12 a for 3 month time scale, decreasing trend in the wet 
conditions appears in all desertic regions except (Rwaished), and in three stations in 
the hilly regions (Amman, Shoubak and Irbid), extremely decreasing trend appears 
especially in the southern east desertic regions. For 6 month time scale Figure 3.12 b 
shows decreasing trend in precipitation amount in all desertic regions except 
(Rwaished, Mafraq, Wadi Dhulail and Maan), and in three stations in hilly regions 
(Amman, Shoubak and Irbid). For 12 month time scale decreasing trend in 
precipitation amount appears in QAIA, Aqaba and Shoubak stations (Figure 3.12 c). 
According to Figure 3.12 d for 24 month time scale, decreasing trend in precipitation 
amount appears in QAIA. Other wise increasing trend in precipitation amount 
appears in Bagura station in the north of Jordan Valley and in Rwaished station in the 
northeast desertic regions. 
Truncation level below +1.0: 
As shown in Figures 3.14a, b, c for 3, 6, and 12 month time scales no significant 
trend appears in all stations. According to Figure 3.14d for 24 month time scale there 
is a significant decreasing trend in precipitation amount appears in Shoubak station 
in the south hilly regions. 
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Truncation level above +1.0: 
According to Figure 3.15 a for 3 month time scale, statistically significant decreasing 
trend in precipitation amount in above +1.0 truncation level appears in QAIA and 
southeast desertic regions and extremely appears in Jafer station.  
On other hand decreasing trend in precipitation amount for 6, 12 and 24 month time 
scales clearly appears in QAIA (Figure 3.15 b, c and d). Finally increasing trend in 
precipitation amount for 24 month time scale clearly appears in the northeast desert 
regions and Wadi Dhulail station (Figure 3.15 d). 
Truncation level below +0.5: 
Studying dry conditions in below +0.5 truncation level for 3, 6, 12 and 24 month 
time scales Figures 3.17 a, b, c and d show no statistically significant trend are 
available in all stations. Increasing trend in dry condition in this level clearly appears 
only for 24 month time scale in southern hilly regions (Figure 3.17 d) especially in 
Shoubak and in Wadi Dhulail station. 
Truncation level  above +0.5: 
As shown in Figure 3.18 a there is no statistically significant trend in above +0.5 
truncation level for 3 month time in all stations. According to Figures 3.18 b and c 
for 6 and 12 month time scales there is an increasing trend in precipitation amount 
appears only in northeast desertic regions especially in Rwaished station (Tarawneh, 
2002), but no statistically significant decreasing trend in precipitation amount in all 
stations. 
Increasing trend in precipitation amount in above +0.5 truncation level for 24 month 
time scale, clearly appears in northeast and southeast desert regions, other wise 
decreasing trend in precipitation amount in this truncation level appears in QAIA 
station(Figure 3.18 d). 
Truncation level below 0.0: 
Changing in precipitation amount in this level is very important, because this level 
represents normal conditions, the positive values indicates wet condition or 
increasing in precipitation amount, other wise the negative values indicates dry 
condition or decreasing in precipitation amount. The results of this truncation level 
are very important for agriculture and water management studies. According to 
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Figures 3.20 b and c for 6 and 12 month time scales, there is no significant trend 
appears in all stations. 
According to Figure 3.20 a for 3 month time scale (winter season), north and central 
hilly regions have significant decreasing trend in dry conditions and extremely 
appears in the north hilly regions, on other hand for 24 month scale Figure 3.20 d 
shows significant decreasing trend  in dry conditions clearly appears in southeast 
desertic regions especially in Jafer station. Statistically significant increasing trend in 
dry condition for this truncation level is not available in all stations, and these results 
are good for water planer people.   
Truncation level above 0.0: 
Increasing trend in precipitation amount is very useful for groundwater and surface 
water studies especially in Jordan. Figure 3.21a for 3 month time scale (winter 
season) shows no significant trend in all stations is available. According to Figures 
3.21 b and c for 6 and 12 month time scales, there is a significant increasing trend in 
precipitation amount appears in northeast desertic regions especially in Rwaished 
station (Tarawneh, 2002). Where decreasing trend in precipitation amount for all 
time scales is not available in all stations. 
The significant increasing trend in precipitation amount for 24 month time scale and 
above 0.0 truncation level appears in the desert regions especially in the northeast 
and southeast desertic regions (Figure 3.21 d). Also the results indicate that there is 
no statistically significant decreasing trend in precipitation amount in this truncation 
level for all time scales. 
Truncation level above -1.5: 
Analyzing available trends in above -1.5 truncation level for 3 and 12 month time 
scales (winter and yearly) indicate that no significant increasing or decreasing trend 
in precipitation amount is available in all stations (Figure 3.13 a and c). As shown in 
figure 3.13 b for 6 month time scale there is a significant increasing trend in 
precipitation amount appears in northeast desertic regions especially in Rwaished 
station (Tarawneh, 2002).  
Statistically significant increasing trend above this truncation level represents 
increasing in precipitation amount, while decreasing trend represents decreasing in 
precipitation amount. Increasing trend in precipitation amount for 24 month time 
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scale (2 years) appears in northeast  and southeast desertic regions especially in 
Rwaished and Jafer stations (Figure 3.13 d), where there is no significant decreasing 
trend in precipitation amount for all time scales appears in all stations.  
Truncation level above -1.0: 
According to Figures 3.16 a, b, c and d, statistically significant decreasing trend in 
precipitation amount in above -1.0 truncation level for all time scales does not appear 
in all stations. Also significant increasing trend in precipitation amount for 3 and 12 
month time scales does not appear in all stations Figures (3.16 a and c). 
Increasing trend in precipitation amount in above -1.0 truncation level for 6 month 
time scale clearly appears in northeast desertic regions (Figure 3.16 b). Analyzing 
increasing or decreasing trend in precipitation amount in this truncation level for 24 
month time scale (2 years), clearly indicates that northeast, southeast desertic regions 
and central hilly regions have increasing trend in precipitation amount (Figure 3.16 
d). 
Truncation level above -0.5: 
Discussion and analyzing wet and dry conditions for the same truncation level and 
different time scales are good to determine dry or wet spell level. According to 
Figures 3.19 a and c for 3 and 12 month time scales and in above -0.5 truncation 
level, decreasing and increasing trend in precipitation amount does not appear in all 
stations.  
Increasing trend in precipitation amount in above -0.5 truncation level for 6 month 
time scale appears in northeast desertic regions especially in Rwaished station 
(Figure 3.19 b). Where decreasing trend in precipitation amount for the same 
truncation level and time scale does not appear in all stations.  
As shown in Figure 3.19 d, there is a significant increasing trend in precipitation 
amount clearly appears in northeast, southeast desertic regions and in central hilly 
regions especially in Rabba station. While there is no significant decreasing trend in 
precipitation amount appears in all stations 
Available trend related to location of the station. The impact of katabatic and 
anabatic wind Saaroni et al. (1998), to the upward and downward motions which is 
associated with cold or warm front. Katabatic winds blow downhill when the 
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mountains slopes cool, causing decreasing in upward motions and decreasing in 
precipitation. Anabatic winds blow uphill when the mountains slopes warm, causing 
increasing in upward motions and increasing in precipitation. 
There is a statistically significant connection between El Nino years and above 
average rainfall and snowfall (Stone et al., 1998; Price et al., 1998). The connection 
between El Nino and above average rainfall and snowfall is less clear before the 
1970s. There are some El Nino years before 1970s that have high rainfall, but there 
are also years with below average rainfall. Although there are suggestions by others 
that the climate of the earth shifted into a new regime in the 1970s, which may have 
made the connections between the tropic and midlatitudes stronger since then.   
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CHAPTER FOUR 
CONCLUSION AND RECOMMENDATION 
The potential for the occurrence of drought and the associated adverse consequences 
for the economy and society are an ever-present concern in arid region such as 
Jordan. Drought has been a prevalent feature of the Jordan landscape during the later 
part of the 1990s till year 2000 producing serious socioeconomic and environmental 
consequences. In this study the precipitation data of more than 30 year is used to 
analyze the meteorological drought. Several drought indices are tested to be applied 
for Jordan, where Standardized Precipitation Index (SPI) is chosen for analysis. The 
Mann-Kendall trend analysis is used to find the trend in SPI values. The intensity 
precipitation-month approach is used to examine the drought truncation levels 
adopted by McKee SPI values.  
The following points can be concluded from the study: 
a) The study analyzed rainfall for 3, 6, 12 and 24 month time scale. In all scales 
the northern hilly regions and southern hilly regions receives high amount of 
rainfall, while the southern desertic regions receives small amount of rainfall. 
b) The study is tested different drought indices for different time scale to 
monitoring drought in Jordan, the test shows that the SPI index is the best 
representative one, the percent of normal precipitation (PNP) is fair index 
where decile index is not suitable for using in Jordan. 
c) The SPI results shows decreasing trend of precipitation in QAIA and 
Shoubak stations, and no significant trend in the rest of Jordan. 
d) The trend in the SPI truncation levels shows significant trend increasing and 
decreasing in precipitations in some stations and no significant trend in the 
other stations, in general, QAIA and Shoubak stations have decreasing trend 
in precipitation where Rwaished station has increasing trend in precipitation. 
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e) The studying drought around several truncation levels may give the planner 
of water resources about the amount of change around specific truncation 
levels. 
Based on the finding of the study it is possible to make a number of 
recommendations for futures studies, all of which are aimed to better monitoring 
drought in Jordan. These can be stated as follows. 
1- The study is recommended to use SPI index for Jordan. 
2- The study is recommended to use McKee truncation levels for each truncation 
level to get good results. 
3- The study is recommended a monthly or seasonally bulletin to monitor 
drought in Jordan. The bulletin should consist of the following sections: 
a- Drought monitor (will be presented information about drought definition, it is 
meteteorological aspects and it is impacts, the definition of the index adopted and 
a description of the data used for calculations). 
b- Current meteorological conditions (will be contain the anomaly maps for the 
current month of surface temperature, sea level pressure and precipitation rate). 
c- Drought index (the results of the selected index will be shown for the 
Jordanian region provided by comments about the current conditions).  
d- Forecast (will be dedicated to forecast for future months of the same index). 
e- Archive (should be provide an archive of the index maps for each month 
analyzed until five years before).   
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Figure 2.4 a, b, c, d. Decile index for QAIA for 3 month (first), 6 month (second), 12 
month (third) and 24 month (fourth)  computations refer to February  from 1954 to 
2000. Horizontal Dashed lines are at 20
th
, 40
th
, 60
th
 and 80
th
 percentiles. 
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Figure 3.1 a, b, c, d. Total precipitation for Jordan for 3 month (upper left) and 6 
month (upper right), 12 month (lower left) and 24 month (lower right) time scale 
computation refer to February 1994. 
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Figure 3.2 a, b, c, d. Difference between total and average precipitation for Jordan 
for 3 month (upper left) and 6 month (upper right), 12 month (lower left) and 24 
month (lower right) time scale computation refer to February 1994. 
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Figure 3.3 a, b, c, d. Decile index for Jordan for 3 month (upper left) and 6 month 
(upper right), 12 month (lower left) and 24 month (lower right) time scale 
computation refer to February 1994. 
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Figure 3.4 a, b, c, d. Percent of normal  index for Jordan for 3 month (upper left) and 
6 month (upper right), 12 month (lower left) and 24 month (lower right) time scale 
computation refer to February 1994. 
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Figure 3.5 a, b, c, d. Standardized precipitation  index for Jordan for 3 month (upper 
left) and 6 month (upper right), 12 month (lower left) and 24 month (lower right) 
time scale computation refer to February 1994. 
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Figure 3.6 a, b, c, d. Contour Maps of SPI for the Period From Started Record to 
2000. Contour values of the Mann-Kendall trend test correspond to 5% significant 
level confidence limit as ± 1.96 for 3 month (upper left) and 6 month (upper right), 
12 month (lower left) and 24 month (lower right) time scale.  
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Figure 3.7 The time series of QAIA  precipitation and SPI for 3 month time scale  
and the sequential version of the Mann-Kendall test  for the period 1954-2000.  
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Figure 3.8 The time series of QAIA  precipitation and SPI for 6 month time scale 
and the sequential version of the Mann-Kendall test for the period 1954-2000.  
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Figure 3.9 The time series of QAIA  precipitation and SPI for 12 month time scale 
and the sequential version of the Mann-Kendall test for the period 1954-2000. 
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Figure 3.10 The time series of QAIA  precipitation and SPI for 24 month time scale 
and the sequential version of the Mann-Kendall test for the period 1954-2000. 
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Figure 3.11 a, b, c, d. Contour maps of SPI truncation level below +1.5 for the 
period from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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Figure 3.12 a, b, c, d. Contour maps of SPI truncation level above +1.5 for the 
period from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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Figure 3.13 a, b, c, d. Contour maps of SPI truncation level above -1.5 for the period 
from started record to 2000 .Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
 
 
 
 
 
 
a) 3- month b) 6- month 
c) 12- month d) 24- month 
 53 
35 36 37 38 39
29
30
31
32
33
 35 36 37 38 39
29
30
31
32
33
 
 
35 36 37 38 39
29
30
31
32
33
 35 36 37 38 39
29
30
31
32
33
 
Figure 3.14 a, b, c, d. Contour maps of SPI truncation level below +1.0 for the 
period from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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Figure 3.15 a, b, c, d. Contour maps of SPI truncation level above +1.0 for the 
period from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
 
 
 
 
 
 
 
 
a) 3- month b) 6- month 
c) 12- month d) 24- month 
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Figure 3.16 a, b, c, d. Contour maps of SPI truncation level above -1.0 for the period 
from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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Figure 3.17 a, b, c, d. Contour maps of SPI truncation level below +0.5 for the 
period from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
 
 
 
 
a) 3- month b) 6- month 
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Figure 3.18 a, b, c, d. . Contour maps of SPI truncation level above +0.5 for the 
period from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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Figure 3.19 a, b, c, d. Contour maps of SPI truncation level above -0.5 for the period 
from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
 
 
 
 
 
a) 3- month b) 6- month 
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Figure 3.20 a, b, c, d. Contour maps of SPI truncation level below 0.0 for the period 
from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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Figure 3.21 a, b, c, d. Contour maps of SPI truncation level above 0.0 for the period 
from started record to 2000. Contour values of the Mann-Kendall trend test 
correspond to 5% significant level confidence limit as ± 1.96 for 3 month (upper left) 
and 6 month (upper right), 12 month (lower left) and 24 month (lower right) time 
scale.  
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